The low perioperative morbidity and shorter hospital stay associated with laparoscopic hepatectomy have made it an often-used option at many liver centers, despite the fact that many patients with hepatocellular carcinoma have cirrhosis, which makes the procedure more difficult and dangerous. Type of surgical procedure proves not to be a primary risk factor for poor outcomes after hepatic resection for hepatocellular carcinoma, the available evidence clearly shows that laparoscopic hepatectomy is an effective alternative to the open procedure for patients with early-stage hepatocellular carcinoma, even in the presence of cirrhosis. Whether the same is true for patients with intermediate or advanced disease is less clear, since laparoscopic major hepatectomy remains a technically demanding procedure.
Abstract
The low perioperative morbidity and shorter hospital stay associated with laparoscopic hepatectomy have made it an often-used option at many liver centers, despite the fact that many patients with hepatocellular carcinoma have cirrhosis, which makes the procedure more difficult and dangerous. Type of surgical procedure proves not to be a primary risk factor for poor outcomes after hepatic resection for hepatocellular carcinoma, the available evidence clearly shows that laparoscopic hepatectomy is an effective alternative to the open procedure for patients with early-stage hepatocellular carcinoma, even in the presence of cirrhosis. Whether the same is true for patients with intermediate or advanced disease is less clear, since laparoscopic major hepatectomy remains a technically demanding procedure.
Recently, a large propensity score study comparing laparo scopic and open hepatectomy for treating hepatocellular carcinoma (HCC) was published in Ann Surg [1] . This parallel comparison comes at an important time, because technical and procedural improvements have led to increasing use of laparoscopic hepatectomy, including for more extensive hepatectomy and particularly in cases of left lateral sectionectomy [2] . In fact, the low perioperative morbidity and shorter hospital stay associated with laparoscopic hepatectomy have made it an oftenused option at many liver centers [38] , despite the fact that many patients with HCC have cirrhosis, which makes the procedure more difficult and dangerous. The long term benefits of laparoscopic hepatectomy remain con troversial, and this study [1] provides the first evidence that it is associated with better longterm overall survival (OS) than open hepatectomy (P = 0.033).
Our own clinical experience and evidence in the literature suggest that mortality risk following liver resection depends primarily not on the type of surgical procedure but on tumorrelated factors [911] . In order to examine this possibility in more detail, we reviewed all randomized controlled trials and other studies involving propensity score analysis comparing laparoscopic and open hepatectomy published in 20142016. We identified 10 studies involving 2275 patients, comprising one from China [1] , five from South Korea [1216] , three from Japan [1719] , and one from Italy [20] ( Table 1) . Across these 10 studies, 90% of patients had single tumors and 84% underwent minor hepatectomy. This means that most patients had earlystage HCC and surgical procedures were relatively straight forward. In 7 of 10 studies (accounting for 73% of all patients), laparoscopic hepatectomy was associated with a significantly lower rate of perioperative morbidity.
None of the studies found significant differences in perioperative mortality or diseasefree survival (DFS) between the laparoscopic and open procedures. Eight of the 10 studies (accounting for 86% of all patients) reported 5year OS and DFS [1, 1215, 1719] . Metaanalyses based on these eight studies revealed that patients in the laparoscopic group had significantly higher 5year OS than those in the open group [risk ratio (RR) = 0.91, 95% confidence interval (95%CI): 0.860.95, P < 0.001; I 2 = 39%; Figure 1A ], but similar 5year DFS (RR = 0.96, 95%CI: 0.871.06, P = 0.440; I 2 = 0%; Figure 1B ).
Similar results were obtained when the study by Cheung et al [1] was excluded.
Thus, substantial evidence suggests that laparoscopic hepatectomy is associated with significantly better long term OS than open hepatectomy. It is possible that this reflects less tissue manipulation and therefore less hematogenous dissemination of malignant tumor cells in "notouch" anteriorapproach laparoscopic hepatec tomy [1] . However, the two techniques were associated with similar DFS, indicating similar rates of tumor recurrence, which is the main cause of death among HCC patients. In fact, patients in the two groups across all 10 studies showed similar tumor characteristics, including diameter, number, vascular invasion, and New Edmondson grade. Since these characteristics are the main risk factors of tumor recurrence, the available evidence appears to be consistent with the idea that mortality risk following liver resection depends on tumor related factors and not on type of surgical procedure.
To examine this hypothesis rigorously, at least two questions must be answered. One is whether differences in blood loss and surgical complexity may help explain the difference in OS. Six of the 10 studies [1, 13, 1619] reported significantly less blood loss in the laparoscopic group, yet the studies did not report whether tumors were close to the hepatic vein or portal hepatis, which would make the surgery more complex and increase risk of blood loss. Another question is whether economic differences may help explain the OS difference. Since laparoscopic hepatectomy costs substantially more than open hepa tectomy, it stands to reason that patients opting for the laparoscopic procedure may be in a better financial position. This raises the possibility that such patients also receive better postoperative therapies, such as antiviral therapy, liverprotecting therapy, and/or psychological intervention. Such patients may also receive more ex tensive and/or more aggressive therapy after tumor recurrence. All these factors may explain the observed longterm OS advantage of laparoscopic hepatectomy over open hepatectomy. Therefore, assessing the long term impact of this procedure requires large randomized controlled trials that take surgical complexity and patient financial condition into account. At least, comparative studies with propensity score analysis should adjust surgical complexity and financial condition between groups.
Even if, as we suspect, type of surgical procedure proves not to be a primary risk factor for poor outcomes after resection, the available evidence clearly shows that laparoscopic hepatectomy is an effective alternative to the open procedure for patients with earlystage HCC, even in the presence of cirrhosis. Whether the same is true for patients with intermediate or advanced disease is less clear, since laparoscopic major hepatectomy remains a technically demanding procedure. Even so, we agree that laparoscopic hepatectomy is an alternative choice for treatment of HCC. Heterogeneity: χ 2 = 11.55, df = 7 (P = 0.12); I 
